Abstract. 1 A consistent description of the π 0 π 0 invariant mass distribution in the φ (1020) → f 0 (980)γ → π 0 π 0 γ decay and the π 0 η in φ (1020) → a 0 (980)γ → π 0 ηγ is suggested. A search for the consequences of the flavor SU(3) symmetry for the scalar mesons can be based on such an analysis. In order to accurately treat the pseudoscalar meson dynamics, which is very important for the scalar meson decays, we employ Resonance Chiral Theory.
INTRODUCTION
This paper focuses on the isotriplet a 0 (980) and isosinglet f 0 (980) scalar mesons (S). These particles, probably together with the controversial σ meson, represent the lightest members of the scalar meson spectrum. To test this assumption it is important to search for consequences of the flavor SU (3) symmetry for these particles in nature. Among different observables, the invariant mass distributions of ππ and πη pairs in the φ (1020) → ππγ (or πηγ) decays are of considerable interest, because the a 0 (980) and f 0 (980) are important intermediate states in these decays and thereby show up in the spectra. The e + e − experiments in Novosibirsk [1, 2, 3, 4, 5] and Frascati [6, 7, 8, 9, 10] allow one to study the φ decays. From the point of view of data extraction, the neutral final states are preferable since in the decays φ (1020) → π 0 π 0 γ, π 0 ηγ the photon may be radiated only from the final state. Therefore the above processes are rather suitable for study of chiral dynamics.
The analysis of the data (see Refs. [2, 11] and others) shows that
• the decays are mediated by the S resonances, f 0 (980) and a 0 (980), in the isoscalar and isovector channels, respectively; • the kaon loop (KL) coupling of S to the vector meson φ is very important. Fig.1 shows schematically the processes in question. The KL coupling scheme allows one to reproduce a cusp behavior of the amplitude dependence on the invariant energy [12] . Many authors relate the dominance of the KL mechanism to a large KK com-γ * γ S φ FIGURE 1. The e + e − annihilation to ππγ (and πηγ). S denotes the intermediate scalar resonance. ponent in the a 0 (980) and f 0 (980) mesons and to the proximity of the KK threshold to the scalar meson mass. We argue that the KL mechanism is a feature of the chiral dynamics and reflects the important role of pseudoscalar mesons in low-and intermediateenergy interactions. We also emphasize that the kaon loops in the φ → Sγ transitions naturally arise in the leading order in Resonance Chiral Theory (RχT ), irrespectively of the threshold or mass position, and the structure of scalars. In addition, RχT accounts for an important feature -momentum dependence of the vertex functions.
We have recently obtained [13] a complete set of O(p 4 ) contributions to various radiative decays with the scalar mesons from the O(p 4 ) RχT Lagrangian. The parameters were fixed from the average values of the decay widths. In the following we discuss the RχT -based study of the π 0 π 0 and π 0 η pair mass distributions in the φ (1020) → Sγ decays and the assumptions used. We fix the parameters and compare predictions with the data and other models.
We conclude that the invariant-mass distribution is a more reliable source of information than the average width from PDG, because the width values may depend on models used in the data analysis.
FORMALISM
The RχT Lagrangian terms [14] 
describe interaction of the scalar singlet S sing , octet S oct , pseudoscalar mesons parameterized by u µ , vector mesons V µν and the external electro-magnetic field at order O(p 4 ) (for notation we refer to the original paper [14] ). The couplings for the scalar singletc d andc m are in general independent of the octet couplings c d and c m . The values of F V and G V are accurately determined from different observables. The flavor SU (3) symmetry is explicitly broken by the mass term contained in χ + and the relevant couplings have the subscript m: c m andc m . We mention below the important aspects of the model [13] .
• In order to estimate the a 0 → πη decay width, one has to construct the physical η state from the pseudoscalar singlet η 1 and the eighth component η 8 of the octet. We use the two-parameter mixing scheme: η = η 8 cos θ 8 − η 1 sin θ 1 with θ 8 = −9. • For the isoscalar state f 0 (980) we use mixing with the angle θ : f 0 = S sing cos θ − S oct 8 sin θ , and for the isovector state a 0 (980) we take a 0 = S oct 3 . This scheme is rather flexible and allows us to study the mixing within the lightest nonet.
• Although the usual large N c behavior of a resonance may not hold for some physical scalar mesons (see discussion in Refs. [16, 17] • The effect of the resonance finite width in the invariant mass distributions is important [18] . We choose the propagator of the scalar meson with the mass m S in the form
where the total width Γ S, tot (p 2 ) depends on the meson momentum squared p 2 . It may also be important to use a more advanced form of the propagator including both real and imaginary parts of the self-energy, as suggested in Ref. [19] .
Following approach of Ref. [13] one arrives at the matrix elements for the φ radiative decays.
DISCUSSION
Let us summarize advantages of the present approach.
• There are no contact V γS and γγS couplings at the lowest (tree-level) order. Therefore the leading contribution includes one-loop diagrams with intermediate pseu-
Radiative decays with a 0 (980) and f 0 (980) from ChPT at order p Table 1 . The table also shows our previous results [13] , which were based on analysis of the average width values given by PDG [21] . A comparison with predictions of other models [22, 23, 24] is presented in Table 1 as well. We also update the predictions for the S → γV because of the growing interest to these decays [13, 22, 23, 24] . One can see that the current approach describes the hadronic decays more accurately than the two-photon decays.
We should notice that the other resonance contributions, which interfere with the scalar meson mechanism, are quite complicated, even in case of the neutral particles in Radiative decays with a 0 (980) and f 0 (980) from ChPT at order p the final state (e.g., there are φ → ρ 0 π 0 → π 0 π 0 γ, φ → ωη → ηπ 0 γ, φ → ρ 0 π 0 → ηπ 0 γ and other contributions). In this connection we note that a problem of the distribution data analysis is discussed in Ref. [25] . It is a challenge to calculate consistently the interfering contributions in framework of RχT and build a unified analysis of the available data.
The model used here for the mass distributions in the φ decays can be applied to a detailed study of other radiative decays involving the light scalar mesons. Among the most interesting ones we should mention the S → γV decays currently studied experimentally in Jülich [26, 27] . An option to apply the model for the above decays and φ (1020) → π + π − γ data is to include it in a Monte Carlo generator for the Dalitz plot or mass distribution analysis.
